We present numerical study of the optical transmission of a metal film perforated by slits array with different spacing. A planar metallic collimator with phase retardation controlled by the slits space is designed. The analysis results show this structure with appropriate space between the slits can collimate or deflect the transmitted beam, which is attributed to phase retardation of surface plasmons propagating from one slit to the other. The numerical analysis results demonstrate a useful deflecting or collimating function of a planar metallic film in the applied fields of optical storage, optical coupler, nano-optics.
Introduction
Surface plasmons (SP) are waves that propagate along the surface of a conductor. Since T.W. Ebbesen reported the extraordinary optical transmission through a 2D hole array perforated on a metallic film in 1998, many theoretical and experimental works have been made to search the physical explanations, and many potential applications in subwavelength optics are being explored [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . By altering the structure of a metal's surface, the properties of surface plasmons can be tailored, which offers the potential for developing new types of photonic device. The properties of SP devices are intimately linked to the activity and the distribution of SP on the metal surface. Metals can be structured and characterized on the nanometer scale. This could lead to miniaturized photonic circuits with length scales that are much smaller than those currently achieved. Tailoring SP properties with structured surface are widley being explored for their specific applications in subwavelength optics, data storage, light generation, microscopy and bio-photonics, which is opening new vistas in surface plasmon optics.
Idea and Results of Simulation
Based on each nanoslit element transmits light with phase retardation controlled by metal thickness in the aperture region, Metallic lenses with convex-shaped slits array surfaces structure have been designed [12] . But the fabrication of this structure is not easy. In this paper, a novel planar metallic collimator is numerical analyzed and designed. By altering the spacing of slits array perforated on a metallic film, the phases of surface plasmons can be tailored, then the transmitted beam will be shaped. The basic idea is that: First, the incident light with TM-polarization excites SP at the slits entrance. Second, each slit couples the SP into a long-range coupled surface plasmons (LRSP) mode [8] . Third, LRSP modes then decouple into SP modes at the slits exit [8] . The interference arises as a consequence of the surface plasmons propagating from one slit towards its partner slit each other, which act as "dot source" for converting surface plasmons into free-space radiation. The different spacing of slits are to introduce phase retardation among the "dot source" at the exit surface of metal. This idea can be demonstrated as [12], the optical field radiated from each "dot source" which result from interference of SP between two neighboring slits can be expressed as a the cylindrical wave:
Here, k and ϕ are the wave vector and initial phase of the transmitted beam in the air region, respectively. The total optical field is sum of waves from each "dot source", the initial phase difference between two neighboring waves can be expressed as:
Figure 3: FDTD simulations of beam shaping with a four-slit (80-nm slit width, spacing are150 nm, 300 nm, 150 nm) metallic film structure, and a five-slit (80-nm slit width, the spacing are 150 nm, 300 nm, 300 nm,150 nm) structure. A TM-polarized light (650 nm wavelength) is incident from the bottom side. The thickness of silver film is 200 nm.
Here, k sp and ∆d are, respectively, the wave vector of SP and spacing difference of slits. From Eqs. (1) and (2), the initial phase can be controlled by altering the distance between two neighboring slits so that transmitted beam with proper phase relationship will be shaped. According to above analysis, a novel planar metallic collimator is designed. Figure 3 (a) shows the beam shaping (TM-polarized and 650 nm wavelength) with a four-slit structure, which is four 80-nm-wide slits formed in a 200-nm-thick silver film, the spacing between two slits are 150 nm, 300 nm,150 nm, respectively . In the case of a five-slit structure, the spacing between two slits are 150 nm, 300 nm, 300 nm, 150 nm, respectively, the beam shaping is shown as Figure 3(b) . This structure can collimate the output beam with a waist of 500 nm even after 2-3 wavelengths of propagation in the far field region, which is useful in the applied fields of optical storage, optical coupler, nano-optics.
Conclusion
The FDTD simulation results demonstrate a planar metallic film perforated by slits array with appropriate different spacing possess the capability of beam shaping. The planar metallic collimator is same as metallic lenses with curved surfaces [12] in their mechanisms: the phase of SP can be adjusted by altering the structure of metallic film then result in nano-scale-beam shaping. The planar metallic collimator we performed not only own as following merits like that mentioned in reference [12] : no grating diffraction effect is involved in the optical transmission through the nano-optic structure, but also, this structure is easy to be fabricated and integrated. This opens up a novel way for shaping beam profiles on the nanometer scale by altering spacing between slits formed in a planar metallic film.
